Introduction {#sec1}
============

Rheumatic mitral stenosis (MS) is a valvular heart disease associated with slow clinical course \[[@cit0001]--[@cit0003]\] usually as a result of rheumatic fever \[[@cit0004]--[@cit0006]\]. Its pathophysiological pattern consists of the degeneration of the mitral apparatus, narrowing of the area of the mitral orifice, enlarging of the left atrium and development of pulmonary hypertension \[[@cit0007]--[@cit0010]\]. The main clinical symptoms may include heart failure and arrhythmias \[[@cit0011]--[@cit0013]\]. The first invasive therapeutic option, which should be considered in patients with mitral stenosis with favorable valve morphology, is percutaneous balloon mitral valvuloplasty (PBMV) \[[@cit0014], [@cit0015]\]. The PBMV results in decreasing atrial and pulmonary pressure with increasing left ventricular preload \[[@cit0016]--[@cit0018]\].

Human natriuretic peptides play an important role as a marker of the severity of heart failure \[[@cit0019], [@cit0020]\]. Previous studies confirmed the diagnostic and prognostic role in heart failure in the course of either primary diseases or ischemic injury of the myocardium \[[@cit0021]\]. It is believed that, in the human heart, atrial natriuretic peptide (ANP) is secreted in atria and brain natriuretic peptide (BNP) in ventricles, as a result of the heart walls stretching caused by volume overload \[[@cit0022]\]. ANP and BNP have similar activities -- natriuresis, diuresis and vasodilatation \[[@cit0023]\].

An increase in both ANP and BNP in patients with MS has been reported in previous studies \[[@cit0024], [@cit0025]\]. Many papers describe the neurohormonal changes as consequences of hemodynamic alterations after PBMV \[[@cit0026], [@cit0027]\]. Those reports are based on the results collected in the first few days after the procedure. To date we are not aware of any publications that include long-term neurohormonal, echocardiographic and functional follow-up in patients after PBMV. This study was designed to determine the magnitude, direction and significance of changes in neurohormonal activation during 36 months after the PBMV procedure.

Aim {#sec2}
===

The aim of the study were: to determine the changes of concentrations of ANP and BNP during 36-month follow-up, to correlate the changes of neurohormonal concentrations with clinical, echocardiographic and functional status and to find factors which might be associated with endpoint occurrence.

Material and methods {#sec3}
====================

The study group consisted of 96 consecutive, prospectively evaluated patients with symptomatic MS who underwent a PBMV procedure in our centre.

Inclusion criteria {#sec3.1}
------------------

The inclusion criteria were:

-   significant mitral stenosis defined by area of mitral orifice \< 1.5 cm^2^,

-   symptoms of heart failure.

Exclusion criteria {#sec3.2}
------------------

Exclusion criteria were:

-   more than mild mitral regurgitation,

-   severe mitral valve or mitral apparatus calcifications,

-   thrombus in heart chambers,

-   absence of commissural fusion,

-   severe concomitant aortic valve disease or severe combined tricuspid stenosis and regurgitation,

-   concomitant coronary artery disease requiring bypass surgery,

-   other previous cardiac diseases or events, such as other than mitral significant valve disease, previous myocardial infarction, cardiomyopathy, previous percutaneous transluminal coronary angioplasty, previous coronary artery bypass grafting, history of pulmonary embolism, aortic aneurysm, pacemaker or ICD/CRT implantation.

Clinical assessment {#sec3.3}
-------------------

All patients underwent standard physical examination including 12-lead electrocardiogram, 6-minute walk test (6MWT) and blood sample collection for laboratory analysis at baseline.

After discharge from hospital, patients were invited to outpatient visits, which took place 30 days, 12 months, 24 months and 36 months after the PBMV. During those visits patients underwent clinical, echocardiographic, functional and neurohormonal evaluation.

A control group of healthy volunteers (*n* = 22; 5 males, mean age: 57.2 ±7.1 years) with no significant medical history, and normal physical examination and 12-lead ECG results served as controls for neurohormonal comparisons.

The patients were followed up for the first occurrence of endpoints, which included death, mitral valve replacement (MVR) or repeated PBMV.

### Neurohormonal evaluation

Blood samples were collected by venipuncture (except samples collected 30 min after the PBMV which were obtained from a sheath inserted into the femoral vein). The analysis was done using radioimmunoassay (Roche Diagnostic). The schedule of the blood sampling was as follows: 1 day before PBMV and then 30 min, 24 h, 30 days, 12 months, 24 months, and 36 months after the PBMV.

Controls had only one blood collection for neurohormonal analysis.

### Echocardiographic measurements

Echocardiographic assessment was performed using the GE Vingmed System 1 day before PBMV, 24 h, 30 days, 12 months, 24 months and 36 months after the PBMV.

M-mode, two-dimensional, and Doppler echocardiograms were obtained in all subjects in the left lateral decubitus position. Left ventricular and left atrial dimensions were measured in the parasternal long axis view. Rheumatic valvular disease was diagnosed based on features such as thickening of valve leaflets and chordal apparatus, restricted leaflet separation, diastolic doming of the anterior mitral leaflet, commissural fusion or M-mode detection of diminished mitral E--F slope, and upward movement of posterior mitral leaflet in early diastole. The degree of the stenosis was quantified by planimetry in two-dimensional images, by Doppler measurement of transvalvular gradients and by the estimation of valve area (MVA) by the pressure half-time method. Also peak mitral gradient (PMG) and mean mitral gradient (MMG) were obtained. Doppler methods were used in the assessment of the severity of valvular regurgitation. Transoesophageal echo was performed for thrombus exclusion before PBMV.

Measurements represent an average of three beats for patients in sinus rhythm and 10 beats for patients in atrial fibrillation \[[@cit0028]--[@cit0030]\].

### Invasive procedure

The PBMV procedure was performed using the Inoue technique and is described elsewhere \[[@cit0031]\]. Immediately before and after the invasive therapeutic procedure right heart catheterization was performed and pressures from the pulmonary artery (PAP), pulmonary capillaries (PCWP), left (LAP) and right (RAP) atrium and left ventricle as well as cardiac output (CO) by the Fick method were obtained.

Statistical analysis {#sec3.4}
--------------------

Qualitative variables were analyzed by descriptive statistics. Frequency distributions were compiled and calculated using the mean and standard deviations of continuous variables or median and interquartile range, as appropriate. The choice of statistical test to be used (parametric or nonparametric) in assessing variables came after analysis of the variables of normal distribution using the Kolmogorov-Smirnov and Shapiro-Wilk tests. To estimate the parameters determining neurohormone level changes, the paired *t*-test was used. Correlations were assessed using Pearson's test. The duration of follow-up was computed using the index date to the date of the first endpoint or last clinical follow-up. Cox proportional hazards analyses were used to assess the relationship between the parameters and endpoints. The following parameters were entered into univariate Cox regression analysis: baseline PAP, baseline PCWP, baseline NYHA class, baseline result of 6-minute walk test, PMG at baseline and at the end of the study, MGM at baseline and at the end of the study, MVA at baseline and at the end of the study, BNP and ANP concentrations at baseline and at the end of the study. All significant univariate predictors of endpoints were proposed for inclusion in multivariate backward stepwise Cox models. Hazard ratios (HR) are expressed as mean and 95% CI. Values of *p* \< 0.05 were considered as statistically significant.

Results {#sec4}
=======

Patients with mitral stenosis had significantly higher levels of both ANP (79.2 (65.2--143.1) vs. 4.4 (1.4--9.1) pg/ml, *p* \< 0.001) and BNP (94.5 (81.2--132.1) vs. 9.1 (2.4--15.2) pg/ml, *p* \< 0.001) when compared to healthy controls. Baseline clinical characteristics are presented in [Table I](#t0001){ref-type="table"}. We found no differences in neurohormone concentrations between patients with sinus rhythm and atrial fibrillation (AF). Patients with AF had a larger left atrium ([Table II](#t0002){ref-type="table"}).

###### 

Baseline clinical characteristics

  Parameter               Result
  ----------------------- -------------------
  Male sex, *n* (%)       9 (9.3)
  Age \[years\]           51.6 ±12.2
  Sinus rhythm, *n* (%)   57 (59.3)
  NYHA                    2.09 (1.9--2.5)
  RAP \[mm Hg\]           47.3 (44.7--49.3)
  LAP \[mm Hg\]           31.2 (24.1--38.8)
  PCWP \[mm Hg\]          29.8 (23.1--36.5)
  PMG \[mm Hg\]           17.1 (14.1--18.8)
  MMG \[mm Hg\]           8.2 (7.1--9.2)
  MVA \[cm^2^\]           1.18 (1.01--1.33)
  CO \[l/min\]            5.2 (4.9--5.6)
  LVEDD \[mm\]            49.3 (40.1--55.2)
  LVESD \[mm\]            31.1 (25.2--37.7)
  LVEF \[mm\]             63.4 (55.2--69.4)
  RVEDD \[mm\]            37.5 (31.8--44.5)
  TAPSE \[mm\]            21.1 (19.1--25.7)
  Wilkins score           6.4
  6MWT \[m\]              422 (320--560)

RAP -- right atrial pressure, LAP -- left atrial pressure, PCWP -- pulmonary capillary wedge pressure, PMG -- peak mitral gradient, MMG -- mean mitral gradient, MVA -- mitral valve area, CO -- cardiac output, LVEDD -- left ventricle end diastolic diameter, LVESD -- left ventricle end systolic diameter, LVEF -- left ventricle ejection fraction, RVEDD -- right ventricle end diastolic diameter, TAPSE -- tricuspid annular plane systolic excursion, 6MWT -- six-minute walk test.

###### 

Comparison of clinical characteristics of patients with sinus rhythm and atrial fibrillation

  Parameter           Patients with SR (*n* = 57)   Patients with AF (*n* = 39)   *P*-value
  ------------------- ----------------------------- ----------------------------- -----------
  Male sex, *n* (%)   6 (10.5)                      3 (8.1)                       NS
  Age \[years\]       51.8 ±11.9                    52.7 ±12.4                    NS
  NYHA                2.08 (1.9--2.5)               2.09 (1.8--2.4)               NS
  RAP \[mm Hg\]       45.2 (43.1--48.1)             48.3 (46.7--50.5)             NS
  LAP \[mm Hg\]       30.1 (26.2--36.1)             32.1 (25.2--39.5)             NS
  PCWP \[mm Hg\]      28.3 (25.1--31.4)             29.1 (26.1--31.1)             NS
  PMG \[mm Hg\]       17.1 (14--18.3)               17.7 (14.5--19.4)             NS
  MMG \[mm Hg\]       7.9 (7.1--9.1)                8.2 (7.5--9.6)                NS
  MVA \[cm^2^\]       1.20 (1.03--1.36)             1.16 (1.0--1.3)               NS
  LAA \[cm^2^\]       34.1 (31.1--42.3)             42.3 (35.2--48.7)             \< 0.01
  CO \[l/min\]        5.3 (4.8--5.7)                5.1 (4.5--5.5)                NS
  LVEDD \[mm\]        48.1 (41.2--54.3)             49.3 (40.5--55.1)             NS
  LVESD \[mm\]        30.2 (24--36)                 32.1 (26.3--39.5)             NS
  LVEF \[mm\]         62.3 (55--68)                 63.1 (54.1--67.4)             NS
  RVEDD \[mm\]        36 (30.4--45.8)               38 (31.3--46.5)               NS
  TAPSE \[mm\]        22.5 (20.1--26.6)             21.4 (19.8--24.2)             NS
  6MWT \[m\]          428.3 (318.4--565.5)          419.1 (303.4--542.8)          NS
  ANP \[pg/ml\]       73.1 (62.9--141.3)            78.1 (66.2--149.6)            NS
  BNP \[pg/ml\]       91.6 (82.2--135.2)            97.2 (87.3--139.1)            NS

SR -- sinus rhythm, AF -- atrial fibrillation, RAP -- right atrial pressure, LAP -- left atrial pressure, PCWP -- pulmonary capillary wedge pressure, PMG -- peak mitral gradient, MMG -- mean mitral gradient, MVA -- mitral valve area, CO -- cardiac output, LVEDD -- left ventricle end diastolic diameter, LVESD -- left ventricle end systolic diameter, LVEF -- left ventricle ejection fraction, RVEDD -- right ventricle end diastolic diameter, TAPSE -- tricuspid annular plane systolic excursion, 6MWT -- six-minute walk test, LAA -- left atrium area.

Immediate result {#sec4.1}
----------------

The PBMV was successful in all cases. Changes in hemodynamic and echocardiographic parameters immediately after PBMV are shown in [Table III](#t0003){ref-type="table"}.

###### 

Immediate result of PBMV

  Parameter        Result                                    *P*-value
  ---------------- ----------------------------------------- -----------
  RAP \[mm Hg\]    47.3 (44.7--49.3) vs. 22.7 (21.5--24.1)   \< 0.001
  LAP \[mm Hg\]    31.2 (24.1--38.8) vs. 19.5 (18.1--21.1)   \< 0.001
  PCWP \[mm Hg\]   29.8 (21.1--30.5) vs. 21.8 (20.6--22.8)   \< 0.001
  PMG \[mm Hg\]    17.1 (14.1--18.8) vs. 10.6 (9.8--11.3)    \< 0.001
  MMG \[mm Hg\]    8.2 (7.1--9.2) vs. 5.1 (4.3--5.9)         \< 0.001
  MVA \[cm^2^\]    1.18 (1.01--1.33) vs. 1.78 (1.71--1.84)   \< 0.001
  CO \[l/min\]     5.2 (4.9--5.6) vs. 5.6 (4.9--5.8)         0.056

RAP -- right atrial pressure, LAP -- left atrial pressure, PCWP -- pulmonary capillary wedge pressure, PMG -- peak mitral gradient, MMG -- mean mitral gradient, MVA -- mitral valve area, CO -- cardiac output.

Follow-up {#sec4.2}
---------

Mean follow-up time was 29.1 months.

At the end of the follow-up period MVA (1.18 (1.01--1.33) vs. 1.66 (1.22--1.78) cm^2^, *p* = 0.011) was still significantly higher than at baseline with the drop in PMG (17.1 (14.1--18.8) vs. 11.6 (9.91--11.2) mm Hg, *p* = 0.031) and in MMG (8.2 (7.1--9.2) vs. 5.9 (6.1--8.4) mm Hg, *p* = 0.023). Also functional status of the patients was better than baseline -- 6-minute walking distance increased (422 (320--560) vs. 462 (430--590) m, *p* = 0.21), NYHA (2.09 (1.9--2.5) vs. 1.8 (1.7--2.3), *p* = 0.043).

During the follow-up, 22 (22.9%) patients had endpoints: 4 (4.1%) patients died (all patient died due to heart failure), 10 (10.4%) patients had MVR and 8 (8.2%) patients had repeated PBMV. Endpoints occurred in 13 (22.8%) patients who had sinus rhythm at baseline and in 9 (23.1%) subjects with AF at that time (*p* = NS).

Among the study subjects 8 (8.3%) patients had stroke, but an association with AF was not found. On the other hand, 10 (10.4%) patients had changed heart rhythm from sinus to AF.

Neurohormones {#sec4.3}
-------------

Concentration of ANP significantly rose 30 min after the PBMV and following that peak dropped significantly to a concentration lower than at baseline after 24 h. Furthermore, during follow-up the concentration of ANP did not differ from the baseline value.

Changes in ANP concentrations in the follow-up period are presented in [Figure 1](#f0001){ref-type="fig"}.

![Changes in ANP concentrations during follow-up](PWKI-13-29537-g001){#f0001}

Unlike ANP concentration, BNP concentration had no 30-minute peak after the PBMV. However, at day 1 BNP concentration was also significantly lower than at baseline. Moreover, during the follow-up period BNP continued to fall at all successive time points.

Changes in BNP concentrations in the follow-up period are presented in [Figure 2](#f0002){ref-type="fig"}.

![Changes in BNP concentrations during follow-up](PWKI-13-29537-g002){#f0002}

Correlations {#sec4.4}
------------

Higher baseline concentration of ANP was associated with higher LAP (*r* = 0.452, *p* = 0.013), higher PMG (*r* = 0.329, *p* = 0.021), higher MGM (*r* = 0.341, *p* = 0.034), with lower mitral valve area (MVA) (*r* = --0.393, *p* = 0.023) and lower CO (*r* = --0.239, *p* = 0.022). On the other hand, pre-procedural BNP concentration correlated positively with PCWP (*r* = 0.382, *p* = 0.021), LAP (*r* = 0.327, *p* = 0.023), PAP (*r* = 0.622, *p* = 0.011), MMG (*r* = 0.344, *p* = 0.023) and negatively with CO (*r* = --0.329, *p* = 0.025) and MVA (*r* = --0.278, *p* = 0.013). Needless to say, pre-procedural ANP and BNP correlated positively with each other (*r* = 0.845, *p* \< 0.001).

The end-of-study ANP concentration correlated with the following parameters measured at the end of follow-up: MGM (*r* = 0.368, *p* = 0.024), MVA (*r* = --0.368, *p* = 0.024). On the other hand, end-of-study BNP concentration correlated with final MGM (*r* = 0.493, *p* = 0.019), PMG (*r* = 0.421, *p* = 0.029) and MVA (*r* = --0.318, *p* = 0.018).

The percentage change in concentration of ANP and BNP did not correlate either with percentage change in mitral area orifice, LAP, or transmitral gradients. The only factor which correlated with the percentage change in BNP concentration was change in pulmonary artery pressure (*r* = 0.392, *p* = 0.023).

Prognostic analysis {#sec4.5}
-------------------

Clinical, echocardiographic, hemodynamic, functional and neurohormonal variables were entered into a regression analysis model to search for predictors of endpoints during the follow-up period in the study group.

In univariate analysis 4 parameters were associated with endpoint occurrence. These were baseline PAP, baseline PCWP, baseline NYHA and increase in 6MWT ([Table IV](#t0004){ref-type="table"}).

###### 

Prognostic factors in univariate analysis

  Variable            Hazard ratio HR   95% confidence intervals   *P*-value
  ------------------- ----------------- -------------------------- -----------
  Baseline PAP        2.02              1.03--3.92                 0.023
  Baseline PCWP       1.16              1.02--1.93                 0.022
  Baseline NYHA       1.33              1.05--1.69                 0.041
  Baseline 6MWT       0.83              0.31--0.96                 0.043
  End-of-study 6MWT   0.98              0.87--1.09                 NS
  Baseline PMG        0.98              0.86--1.43                 NS
  End-of-study PMG    1.12              0.89--1.54                 NS
  Baseline MMG        1.14              0.98--1.23                 NS
  End-of-study MMG    1.03              0.97--1.09                 NS
  Baseline MVA        1.09              0.89--1.10                 NS
  End-of-study MVA    1.01              0.99--1.02                 NS
  Baseline ANP        1.10              0.93--1.22                 NS
  End-of-study ANP    0.98              0.87--1.04                 NS
  Baseline BNP        1.11              0.96--1.23                 NS
  End-of-study BNP    1.07              0.95--1.13                 NS

PCWP -- pulmonary capillary wedge pressure, PAP -- pulmonary artery pressure, 6MWT -- 6-minute walk test, PMG -- peak mitral gradient, MMG -- mean mitral gradient, MVA -- mitral valve area, ANP -- A-type natriuretic peptide, BNP -- B-type natriuretic peptide.

In multivariate analysis, the only factor associated with endpoint occurrence was baseline NYHA class (HR = 1.52, 95% CI: 1.3--1.91, *p* = 0.022).

Discussion {#sec5}
==========

Our study is the first to prospectively analyze the long-term neurohormonal follow-up in a relatively large population of patients with mitral stenosis treated with PBMV. Our main findings were:

1.  Patients with MS had significantly higher concentrations of both ANP and BNP at baseline as compared with healthy subjects.

2.  BNP concentration after PBMV was lower than at baseline and continued to fall during follow-up.

3.  Higher baseline levels of both ANP and BNP were associated with more severe mitral stenosis in echocardiography (lower MVA, higher PMG and MGM) and higher PCWP and lower CO on catheterization.

4.  Baseline NYHA class was found to be associated with outcomes after the procedure.

We found that patients with MS had significantly higher levels of both ANP and BNP at baseline in comparison with healthy subjects, which is in agreement with many previous studies \[[@cit0025], [@cit0032], [@cit0033]\]. Moreover, it has been demonstrated that higher ANP and BNP levels were associated with the severity of mitral stenosis according to echocardiography (lower MVA, higher PMG and MGM) and hemodynamics (higher PCWP and lower CO). Previous studies also reported the association between increased BNP levels and elevated NYHA class, higher PAP as well as more severe mitral stenosis according to echocardiography \[[@cit0034], [@cit0035]\].

The main advantage of our study is a prospective analysis of long-term neurohormonal follow-up in a relatively large population of patients with mitral stenosis undergoing PBMV. So far only Sharma *et al.* have identified BNP as a predictor of treadmill exercise capacity in similar group of patients \[[@cit0036]\]. To date the prognostic value of neurohormone concentrations was well established only in patients with congestive heart failure of different origin \[[@cit0037]--[@cit0040]\]. In our study neurohormones did not prove their prognostic value in patients with MS. Of note, despite improvement of clinical status and the positive correlation between the levels of two studied neuropeptides, we did not observe a continuous ANP decrease. That may be a surprise taking into account that previous studies found that ANP level decreased significantly after PBMV and correlated with the parameters of mitral stenosis \[[@cit0036]\]. It can be speculated whether the large number of patients with atrial fibrillation in this study group compared to patients with heart failure of other origin might have an impact on the prognostic value on ANP. However, we found no differences either in neurohormonal or in clinical profile or in prognosis between patients with sinus rhythm and atrial fibrillation. Inoue *et al.* concluded that the presence of atrial fibrillation might have influenced the levels of neurohormones \[[@cit0041]\]. In the case of smaller investigated populations of patients with MS and atrial arrhythmias, patients with AF had higher levels of neurohormones and higher NYHA class as compared to subjects with sinus rhythm \[[@cit0042]\]. We assumed that a larger study population and a relatively high percentage of patients who had a change in heart rhythm during the study might explain the lack of differences between those subgroups.

Distinguishing between asymptomatic and mildly symptomatic patients is especially difficult in MS due to the long latent period between the onset of rheumatic fever and the development of significant valvular obstruction. During this time patients may gradually adapt their lifestyle, thereby masking early symptoms. Measurement of ANP and BNP might be helpful in differentiation of truly symptomatic patients from subjects inappropriately considered symptomatic, due to non-cardiac dyspnea resulting in physical deconditioning. Therefore, the ANP and BNP levels can be used as a complementary tool for the clinical and echocardiographic evaluation of patients with MS. On the other hand, based on the very good correlation between reduction of BNP and PAP, BNP can serve as a marker of success of the immediate result of PBMV. Moreover, either ANP or BNP correlates with the function of the mitral valve after the valvuloplasty; therefore the measurement of both neurohormones during follow-up might be helpful in identification of subjects with restenosis.

Moreover, BNP levels correlated positively with PAP. The development of pulmonary hypertension in patients with MS is believed to be the main cause of their exercise limitation \[[@cit0043]\]. Although in some studies BNP level did not correlate with any hemodynamic parameters \[[@cit0027]\], those studies were based on relatively small patient populations and did not take into consideration the invasive treatment. Some authors reported a lack of serial measurement of ANP and BNP as a limitation of their research \[[@cit0044]\]. Our findings based on long-term follow-up confirm their suspicions that releasing the narrowed valve and decreasing PAP can lead to a further fall of BNP concentration.

Limitation of the study {#sec5.1}
-----------------------

We used BNP, instead of its metabolite NT-proBNP, which has a longer half-life than BNP. However, since an excellent correlation between those two peptides was established, we presume that our results are reliable.

Conclusions {#sec6}
===========

To sum up, patients with MS had increased levels of both BNP and ANP. The decrease of BNP can serve as a valid marker reflecting changes in PAP after PBMV. Finally, only baseline NYHA class was found to be associated with outcomes after the procedure.
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